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Fundamental features of all living organisms are self-replication and 
homochirality. Self-replication arises from biologically active molecules 
like DNA and RNA, which are intrinsic information carriers (genetic 
code) and the ability to self-organize and interact dynamically in 
complex molecular networks. Sugars present in DNA and RNA are right-
handed and amino acids that form the proteins are left-handed. The origin 
of homochirality in biomolecules is still one of the great current 
mysteries which is directly associated with the ˋorigin of lifeˊ question. 
Many hypothesis were proposed to explain chemical pathway towards 
the asymmetric formation of chiral biomolecules. It was suggested that, 
in the earliest stages of life, a small enantiomeric excess might be 
amplified via auto- or cross- catalytic processes. One of the main 
objectives discussed in this thesis was to develop new asymmetric 
autocatalytic reactions. A second objective of this thesis involves new 
catalytic asymmetric transformations specifically Cu-catalyzed 
asymmetric allylic substitution reactions with organolithium reagents. 
In Chapter 2, we report a highly enantioselective synthesis of β-alkyl-
substituted alcohols through a one-pot Cu- catalyzed asymmetric allylic 
alkylation with organolithium reagents followed by reductive ozonolysis. 
The synthesis of γ-alkyl-substituted alcohols was also achieved through 
Cu-catalyzed asymmetric allylic alkylation with organolithium reagents 
followed by a hydroboration-oxidation. These protocols do not 
compromise the stereochemical integrity and provide readily access to 
highly valuable chiral building blocks. 
In Chapter 3, a highly enantioselective Cu-catalyzed direct allylic 
arylation using organolithium compounds is described. The use of readily 
available aryllithium reagents in combination with allylic bromides and 
use of a copper-NHC catalyst are key factors for the success of this 
reaction. The only stoichiometric waste produced in this novel 
transformation is LiBr. The use of n-BuLi was found essential for the 
preparation of aryllithium compounds. The broad substrate and reagent 
scope and the application of the new method in the formal catalytic 
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enantioselective synthesis of (R)-tolterodine (Detrol) illustrate the 
potential of this allylic arylation for the synthesis of important chiral 
diarylmethane structures. 
In Chapter 4, we report a highly enantioselective synthesis of quaternary 
all- carbon stereocenters via Cu-catalyzed direct allylic arylation using 
organolithium compounds. A Cu(I)-NHC catalytic system proved to be 
essential for this transformation and allowed the preparation of  a wide 
range of di- and tri-arylated vinyl methane compounds with good to 
excellent enantioselectivites. This transformation is also highly atom 
economical as LiBr is the only stoichiometric waste during this 
transformation. 
In Chapter 5, discussing our efforts to design a model autocatalytic 
asymmetric transformation, we studied many conditions for the 
nucleophilic addition of diisopropyl phosphite to benzaldehyde. When 
run in water using MgCl2, Et3N or mixtures of both, no reaction could be 
observed. This might be due to loss of Lewis acidic nature of MgCl2 in 
water by forming hydrates MgCl2(H2O)x, which inhibits activation of the 
aldehyde. The combination of LaCl3 and Et3N led to product formation, 
however, conversion remained low and the reaction stopped after 20-
30% of product formation. Longer reaction times did not lead to full 
conversion either. This may be due to the formation of lanthanum 
hydrates (LaCl3•7H2O) in water and LaCl3 losing its Lewis acidity. 
Catalytic amount of strong base was needed in order to achieve complete 
conversion of the starting material. The base could activate the phosphite 
to increase the nucleophilicity such that the preactivation (by Lewis acid) 
of aldehyde was not required. There was no prominent difference 
between the reactions either seeded initially with product or not. 
Furthermore we synthesized the enantioenriched α-hydroxy 
phosphonates in good isolated yields. We also synthesized different 
chiral non-symmetrical dialkyl phosphites in good yields. We did not 
observe any chirality transfer from chiral alkoxides in the nucleophilic 
addition reaction examined. This might be due to their strong basicity 
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and flexibility of the structure. Interestingly, the combination of LaCl3 
and Et3N showed some activity in the Pudovik reaction, resulting in 
product formation. Further attempts might focus on optimizing the 
conditions in order to achieve complete conversion to product and studies 
of the reaction kinetics. 
In Chapter 6, we successfully synthesized (S)-1-
(hydroxy(phenyl)methyl)naphthalen-2-ol and (S)-(2-methoxynaphthalen-
1-yl)(phenyl)methanol in good yields with high enantioselectivity as
potential chiral products for autocatalytic reactions. 2-
Hydroxynaphthaldehyde was not a suitable substrate in the Ti-mediated
enantioselective catalytic nucleophilic addition reaction with Grignard
reagents. A possible explanation could be the free phenolic group present
in the substrate, which inhibited the catalytic system by forming an
undesired titanium complex. (S)-(2-Methoxynaphthalen-1-
yl)(phenyl)methanol may be acting as a ligand to Ti to form active
complex for the enantioselective nucleophilic addition of Grignard
reagents to 2-methoxynaphthaldehyde. Longer reaction time was
required in order to achieve full conversion and racemization of the
product was observed during the course of reaction. There was no
significant influence of the chiral diol in the asymmetric reduction of
ketone. This might be due to the presence of free phenol present in
substrate which would activate the borane in order to transfer the hydride
to the carbonyl group through the possible achiral intermediate.
In Chapter 7, two approaches were followed to develop a new 
asymmetric autocatalytic reaction based on H-bond donor concept. We 
successfully synthesized the bisurea imine, but due to its poor solubility 
in most organic solvents it was difficult to perform any Mannich 
reaction. A possible reason for the low solubility of this bisurea imine is 
the strong H-bond interactions between urea motifs present in the 
molecule. In the Kabachnik–Fields reaction the presence of a catalytic 
amount of acid or base leads to the formation of side products. Many 
other attempts by changing the reaction conditions or substrates did not 
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lead the successful reaction. Our studies have shown that urea/thiourea 
type compounds are difficult substrates for autocatalysis following a 
hydrogen-bond approach. This is maybe due to the strong H-bond 
interactions which lead to poor solubility of the bisurea imine. In addition 
each component of the reaction requires different conditions for 
activation. While the urea scaffold is necessary for H-bond donation in 
order to activate the electrophiles, it is a weaker nucleophile than amine 
traditionally used in Kabachnik–Fields reaction. Redesigning of the 
system is required in order to overcome these problems.  
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